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ABSTRACT 

[Problem] To increase the flexibility of communication services by handling 
information separately 

[Resolving Means] A frequency band of a communication region between a base 
station and a plurality of terminal devices is separated into a downward direction and an 
upward direction, a plurality of carrier frequencies are defined in correspondence with a 
plurality of sub-frequency bands having one of a plurality of types of bandwidth in each 
of the bands, a sub-frequency band having a bandwidth suitable for the information 
transmission speed is preassigned to each terminal device, and after each terminal 
device spreads the reserved packets with spreading codes for the reserved channels, 
transmits them on a specific carrier frequency corresponding to the upward sub- 
frequency band, after the base station spreads a response packet with a spreading code 
for the response channel, transmits them by means of a specific carrier frequency 
corresponding to the downward sub-frequency band, and after each terminal device 
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spreads the information packet with a spreading code of the information transmission 
channel designated by the response packet, transmits on the specific upward carrier 
frequency. 

CLAIMS 

1 . A CDMA (code division multiple access) communication method wherein the 

communication region between a base station and a plurality of terminal devices is 
divided into an uplink frequency band for transmitting packets from said terminal 
devices to said base station and a downlink frequency band for transmitting packets 
from said base station to said terminal devices, said base station responds to reserve 
packets transmitted from the terminal devices and transmits the response packets 
designating the information transmission channel and time slot to the terminals, and said 
terminal devices transmit information packets in time slots designated on the 
information transmission channel designated by said response packet; 
characterized by 

defining a plurality of carrier frequencies in said uplink and downlink 
frequency bands each corresponding to a plurality of subfrequency bands having one of 
the bandwidths of the plurality of types, and allotting up direction subfrequency bands 
and down direction subfrequency bands having bandwidths corresponding to the 
information transmission speeds for each terminal device; 

said terminal devices, after spreading reservation packets including terminal 
identifiers into spreading codes for the reservation channel, transmitting specific carrier 
frequencies corresponding to the up direction subfrequency bands; 

said base station, after spreading response packets to the terminals in a 
spreading code for the response channel, transmits specific carrier frequencies 
corresponding to said down direction frequency bands allotted to said terminal devices.; 
and 

the terminal devices, after spreading the information packets with a spreading 
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code for the information transmission channel designated by said response channel, 
transmits them by means of a specific carrier frequency in the up direction. 

2. A CDMA communication method as recited in claim 1, characterized by use of 
a spreading code having a chip rate corresponding to the bandwidth of the subfrequency 
band as a spreading code used for spreading the information packets of said terminal 
devices. 

3. A CDMA communication method as recited in either of claims 1 or 2, 
characterized in that one of the subfrequency bands having the most narrow bandwidth 
among said plurality of bandwidths is assigned as an up direction control channel to at 
least one of said terminal devices; and 

said terminal devices transmit the spread reservation packets on a carrier 
frequency corresponding to the subfrequency band for said control channel, and 
transmit information packets on a carrier frequency of another bandwidth different from 
the bandwidth for said control channel. 

4. A CDMA communication method as recited in any one of claims 1-3, 
characterized in that said plurality of carrier frequencies and said plurality of 
subfrequency bands are made to correspond so that a onw subfrequency band having a 
comparatively wide bandwidth overlaps with a plurality of subfrequency bands having a 
narrow bandwidth. 

5. A spread spectrum communication system composed of a base station and a 
plurality of terminal devices, said base station receiving spread reservation packets 
transmitted from said terminal devices and transmitting spread response packets for 
designating information transmission channels and time slots to said terminals, and said 
terminal devices transmit spread information packets at timings of time slots designated 
on the information transmission channel designated in said response packet; 
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a communication region between said base station and said terminal devices 
has a down direction frequency band for transmitting packets from said base station to 
said terminal devices and an up direction frequency band for transmitting packets from 
said terminal devices to said base station; 

said base station comprising 

a plurality of reception means for reception operating one of a plurality of 
carrier frequencies predefined in said up direction frequency band; 

a plurality of demodulation means provided respectively in said reception 
means for despreading output signals from said reception means and demodulating the 
reservation packet and the information packet; 

a plurality of transmission means for transmission operating one of a plurality 
of carrier frequencies predefined in said down direction frequency band; and 

a plurality of demodulation means provided respectively in said transmission 
means for spreading response packets and information packets; and 

said terminal devices 

being allotted subfrequencies having bandwidths in accordance with the 
information transmission speed of said terminal device from among a plurality of 
subfrequency bands corresponding to said carrier frequencies as up direction and down 
direction use frequency bands; 

and comprising 

means for reception operating on carrier frequencies corresponding to 
subfrequency bands which are said down direction use frequency bands; 

demodulation means for despreading output signals from said reception means 
and demodulating response packets and reception information packets from the base 
station; 

means for transmitting on a carrier frequency corresponding to the 
subfrequency band to be said up direction use frequency band; and 

modulation means for spreading a reservation packet and transmission 
information packet and outputting to said transmission means. 
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6. A spread spectrum communication system as recited in claim 5, wherein the 
demodulation means of said base station comprises a reservation packet demodulation 
circuit for separating and demodulating a plurality of reservation packet with differing 
phases spread with a spreading code having the same pattern from the output signals of 
said reception means, and an information packet demodulation circuit for separating and 
demodulating a plurality of information packets spread with spreading codes of 
different patterns from an output signal of said reception means; and 

the modulation means of said base station comprises a response packet 
modulating circuit for sequentially spreading the response packet to said terminals with 
a designated spreading code, and an information packet modulation circuit for spreading 
the information packets to said terminals with spreading codes specific to said 
information transmission channel. 

7. A spread spectrum communication system as recited in claim 6, wherein said 
information packet demodulation circuits of said base station despread the output 
signals of said reception means according to despreading codes of a specific chip rate in 
a relationship of correspondence with the carrier frequencies of said reception means, 
and said information packet modulating circuits spread the information packets to said 
terminals according to spreading codes of a specific chip rate in a relationship of 
correspondence to the carrier frequency of said reception means; and 

said demodulation means of said terminal devices despread the output signals 
of said reception means by a spreading code of a specific chip rate in a relationship of 
correspondence to the carrier frequency of said reception means, and said modulation 
means spreads said transmission information packets by a spreading code of a specific 
chip rate in a relationship of correspondence to the carrier frequency of said 
transmission means. 



DETAILED DESCRIPTION OF THE INVENTION 
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Field of Industrial Applicability 

The present invention is a communication method and communication system using 
code division multiple access (CDMA), and particularly relates to a CDMA 
communication method and spread spectrum communication system which is suitable 
for application to packet transmissions. 

Conventional Art 

The CDMA communication method is a communication method wherein 
communications are performed by spreading the signal spectrum over a wide band by 
multiplying the signal to be transmitted with a spreading code, and further multiplexes a 
plurality of signals by allotting spreading codes of different patterns to the channels. 
This communication method offers exceptional secrecy, a high efficiency of frequency 
use, and high stability, so that applications to mobile communications or cable 
transmissions are expected and they have been put into practice in some places. 

The present inventors proposed a mobile communication system using the CDMA 
communication method for efficiently transmitting information packets (see Japanese 
Patent Application, First Publication No. Hei 7-204232). IN this proposal, a 
reservation channel for transmitting reservation packets from the terminal devices to the 
base station, a response channel for transmitting response packets for transmission and 
reception control from the base station to the terminal devices and an information 
transmission channel for transmitting information packets from an up direction from the 
terminal device to the base station and a down direction from the base station to the 
terminal devices are set in the radio region between the base station and the plurality of 
terminal devices. 

The terminal devices in which the transmission information is prepared request the base 
station to perform allotment of information transmission channels and used time slots 
prior to information transmission. This request (reservation request), as shown in Fig. 
12, is performed by transmitting a reservation packet including terminal identifiers by 
transmitting to the reservation channel. The terminal devices are capable of 
transmitting reservation packets at an arbitrary time by means of spreading the 
reservation packets with a spreading code. 

In response to the reservation packets received by the reservation channel, the base 
station allots information transmission channels and time slots to be used for each 
terminal device (scheduling shown in Fig, 12), and changes the information into 
response packets for transmission to the response channel. The terminal devices, upon 
receiving response packets including identifiers for their own terminals, transmits time 
slots designated on the information transmission channel designated in the response 
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packet. 

When transmitting information packets from the base station to the terminal devices, the 
base station transmits a response packet for reception control designating a destination 
terminal identifier, an information transmission channel and a time slot, and transmits 
this to the response channel. When the terminal devices receive response packets for 
reception control including identifiers of the terminals, the information packets are 
reception operated in time slots designated on the information transmission channel 
designated by this response packet. 

The reservation channel, response channel and information transmission channels have 
predetermined frequency bandwidths respectively allotted o the mobile communication 
system, for forming a system band. While this plurality of channels has a different 
pattern for each channel, the chip rate is multiplexed by the same spreading code, and 
the bandwidths of the channels were the same. 

On the other hand, the information transmitted by the terminal devices includes not only 
low bit rate audio information or facsimile information, but also high bit rate data and 
images, and is diverse, conventionally, this type of diverse information is transmitted 
by changing the number and lengths of the packets in accordance with the transmission 
speed. Therefore, in the conventional format, while the various types of data can be 
integrated, it is difficult to handle the information individually, and the flexibility of the 
communication services is reduced. 

Problems to be Solved by the Invention 

The purpose of the present invention is to resolve the above-described problems of the 
conventional art, and to offer a novel CDMA communication method and spread 
spectrum communication system with increased flexibility of communication services 
by handling the information separately. 

Means for Solving the Problems 

In order to resolve the above problems, in the CDMA communication method according 
to the present invention, the communication region between a base station and a 
plurality of terminal devices is divided into an uplink frequency band for transmitting 
packets from said terminal devices to said base station and a downlink frequency band 
for transmitting packets from said base station to said terminal devices, said base station 
responds to reserve packets transmitted from the terminal devices and transmits the 
response packets designating the information transmission channel and time slot to the 
terminals, and said terminal devices transmit information packets in time slots 
designated on the information transmission channel designated by said response packet; 
characterized by defining a plurality of carrier frequencies in said uplink and downlink 
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frequency bands each corresponding to a plurality of subfrequency bands having one of 
the bandwidths of the plurality of types, and allotting up direction subfrequency bands 
and down direction subfrequency bands having bandwidths corresponding to the 
information transmission speeds for each terminal device; said terminal devices, after 
spreading reservation packets including terminal identifiers into spreading codes for the 
reservation channel, transmitting specific carrier frequencies corresponding to the up 
direction subfrequency bands; said base station, after spreading response packets to the 
terminals in a spreading code for the response channel, transmits specific carrier 
frequencies corresponding to said down direction frequency bands allotted to said 
terminal devices.; and the terminal devices, after spreading the information packets with 
a spreading code for the information transmission channel designated by said response 
channel, transmits them by means of a specific carrier frequency in the up direction. 

In a communication method of this type, it is possible to transmit the information in a 
subfrequency band of a bandwidth suited to the bit rate, so as to increase the flexibility 
of the communication services. 

Since the signals transmitted by reservation packets are control signals of a low bit rate 
of information transmission channel and time slot requests, it is possible to transmit on 
the subfrequency band with the narrowest bandwidth. Therefore, as an embodiment 
which is preferable for practical purposes, each terminal device is allotted one 
subfrequency band having the narrowest bandwidth among the plurality of types of 
bandwidths for use as the up direction control channel, and each terminal device 
transmits on a carrier frequency wherein the spread reservation packets are made to 
correspond to the subfrequency bands of the control channel, and it is desirable for the 
information packets to be transmitted by specific carrier frequencies different from the 
carrier frequency used for the control channel. 

In order to achieve the above-mentioned communication method, the base station is 
provided with a plurality of reception means for reception operations by means of one 
of a plurality of carrier frequencies predefined in the up direction frequency band, and 
each reception means is provided with a plurality of demodulation means for 
despreading output signals and demodulating reservation packets and information 
packets, the base station further is provided with a plurality of transmission means for 
transmission operating by means of one of a plurality of carrier frequencies predefined 
in the down direction frequency band, and the transmission means is provided with a 
plurality of modulation means for spreading the response packets and information 
packets and outputting them to the transmission means. 

Additionally, the terminal devices are allotted subfrequencies having bandwidths in 
accordance with the information transmission speed of said terminal device from among 
a plurality of subfrequency bands corresponding to said carrier frequencies as up 
direction and down direction use frequency bands. Additionally, the terminal devices 
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comprise means for reception operating on carrier frequencies corresponding to 
subfrequency bands which are said down direction use frequency bands. Further, the 
terminal devices comprise demodulation means for despreading output signals from 
said reception means and demodulating response packets and reception information 
packets from the base station; means for transmitting on a carrier frequency 
corresponding to the subfrequency band to be said up direction use frequency band; and 
modulation means for spreading a reservation packet and transmission information 
packet and outputting to said transmission means. 

The demodulation means of the base station can have a structure so as to comprise a 
reservation packet demodulation circuit for separating and demodulating a plurality of 
reservation packet with differing phases spread with a spreading code having the same 
pattern from the output signals of said reception means, and an information packet 
demodulation circuit for separating and demodulating a plurality of information packets 
spread with spreading codes of different patterns from an output signal of said reception 
means. 

The modulation means of the base station can have a structure so as to comprise a 
response packet modulating circuit for sequentially spreading the response packet to 
said terminals with a designated spreading code, and an information packet modulation 
circuit for spreading the information packets to said terminals with spreading codes 
specific to said information transmission channel. 

Further, the information packet demodulation circuits of said base station can have a 
structure such as to despread the output signals of said reception means according to 
despreading codes of a specific chip rate in a relationship of correspondence with the 
carrier frequencies of said reception means, and said information packet modulating 
circuits spread the information packets to said terminals according to spreading codes of 
a specific chip rate in a relationship of correspondence to the carrier frequency of said 
reception means. 

Additionally, the demodulation means of said terminal devices can have a structure such 
as to despread the output signals of said reception means by a spreading code of a 
specific chip rate in a relationship of correspondence to the carrier frequency of said 
reception means, and said modulation means spreads said transmission information 
packets by a spreading code of a specific chip rate in a relationship of correspondence to 
the carrier frequency of said transmission means. 

Embodiments 

Herebelow, a CDMA packet communication method and spread spectrum 
communication system shall be explained in further detail using an example of 
application to a mobile communication network. The overall structure of the mobile 
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communication network is shown in Fig. 1. In Fig. 1A, 201 denotes a public network, 
202 denotes a telephone connected to the public network 201, 203 denotes a mobile 
communication network connected to the public network, 204 and 205 denote base 
stations in the mobile communication network and 206 and 207 denote mobile terminal 
devices belonging to the base station 204. The terminal devices 206, 207 perform 
radio communications via the base station 204 of the service area. The information is 
multimedia information mixing together data, audio and images. 

Fig. IB shows a communication model for performing bi-directional communications 
between a base station 204 and a terminal device 206 and a terminal device 207 in the 
network. In Fig. IB, a reservation channel (304) for transmitting reservation packets 
in the communication region between the base station 204 and the terminal device 206, 
a response channel (305) for transmitting response packets, an up direction information 
transmission channel (306) for transmitting up direction information packets and a 
down direction information transmission channel (307) for transmitting down direction 
information packets are provided. 

Additionally, a reservation channel (308) for transmitting reservation packets in the 
communication region between the base station 204 and the terminal device 207, a 
response channel (309) for transmitting response packets, an up direction information 
transmission channel (310) for transmitting up direction information packets and a 
down direction information transmission channel (311) for transmitting down direction 
information packets are provided. 

Here, it is presupposed that one of the terminal devices 206 transmits and receives low 
bit rate information with a low transmission speed such as audio, and the other terminal 
device 207 transmits and receives high bit rate information with a high transmission 
speed such as data. 

Fig. 2 shows the structure of the frequency bands of the above-described 
communication system and the chip rates of the corresponding spreading codes. In Fig. 
2A, the vertical axis represents the power spectrum density and the horizontal axis 
represents the frequency, with the frequency band allotted to the communication system 
being divided into an up direction system band and a down direction system band. The 
bandwidths of the system bands are the same. 

In the present invention, the up direction system band is provided with subfrequency 
bands A, B, C and D having bandwidths 1/4 of that of the system band, subfrequency 
bands E and F having bandwidths 1/2 of that of the system band and a subfrequency 
band G having a bandwidth equal to that of the system band. 

Similarly, the down direction system band is provided with subfrequency bands H, I, J 
and K having bandwidths 1/4 of that of the system band, subfrequency bands L and M 
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having bandwidths 1/2 of that of the system band and a sub frequency band N having a 
bandwidth equal to that of the system band. 

The plurality of types of subfrequency bands of this type use carrier frequencies f A -f N 
which differ with the band, and as described below, can be set by applying spreading 
codes of different chip rates according to the band. These carrier frequencies form the 
central frequencies of each subfrequency band. In the present embodiment, the ratios 
of the subfrequency bands to the system bands are made 1/4, 1/2 and 1/1, but it is 
possible to employ other values depending on the data transmission speeds of the 
terminal devices which are housed. 

Fig. 2B shows the chip rates of the spreading codes used for forming a plurality of 
different channels of the subfrequency bands. In the drawing, the horizontal axis 
represents time, Rl the chip rates of the packet transmission spreading codes in the 
channels of the subfrequency bands A-D and H-K, R2 the chip rate of the packet 
transmission spreading code in the channels of the subfrequency bands E, F, L and M, 
and R3 the chip rate of the packet transmission spreading code of the channels of the 
subfrequency bands G and N. Rl has the lowest chip rate, R3 has the highest chip rate, 
and R2 is in between. Then, in the subfrequency bands, it is possible to form a 
plurality of channels in the same band by changing the spreading code patterns in the 
subfrequency bands. 

In the present invention, subfrequency bands suited to the information transmission 
speeds of the terminal devices (206, 207) are chosen from among a plurality of types of 
subfrequency bands. This is shown in Fig. 3. Fig. 3 A shows an example of a case 
where a single subfrequency band is assigned to each of the up and down directions 
Since the terminal device 206 transmits and receives information at a low speed, the 
subfrequency band A is assigned to the up-direction reservation channel 304 and the 
information transmission channel 306, and the subfrequency band H is assigned to the 
down-direction response channel 305 and the information transmission channel 307. 
Since the terminal device 207 transmits and receives information at a high speed, the 
subfrequency band F is assigned to the up-direction reservation channel 308 and the 
information transmission channel 310, and the subfrequency band M is assigned to the 
down-direction response channel 309 and the information transmission channel 311. 
Additionally, in correspondence with the bandwidths of these subfrequency bands, the 
terminal device 206 uses a spreading code of chip rate Rl and the terminal device 207 
uses a spreading code of chip rate R2. 

The reservation channel 304 and the up-direction information transmission channel 306 
of the terminal device 206 in the same subfrequency band A are distinguished by the 
spreading code patterns that are used. As a spreading code, it is possible to use a PN 
(pseudo noise) sequence in which the rise probability is random. This transmission 
speed becomes a chip rate. Similarly, the response channel 305 and the down- 
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direction information transmission channel 307 of the terminal device 206, the 
reservation channel 308 and the up direction information transmission channel 3 10 of 
the terminal device 207 and the response channel 309 and the down-direction 
information transmission channel 3 1 1 of the terminal device can each be distinguished 
by differences in the spreading code pattern. 

Fig. 3B shows, as a separate example of allotment of subfrequency bands, an example 
wherein both terminal devices allot the subfrequency band with the narrowest 
bandwidth to the reservation channel and allot a subfrequency band with a bandwidth 
suited to the information transmission speed for the information packets. 

Subfrequency band A and subfrequency band C are respectively allotted to the channels 
for transmitting reservation packets in the terminal device 206 and terminal device 207. 
Therefore, the chip rate of the spreading code is the chip rate Rl shown in Fig. 2B. 

On the other hand, with regard to the information transmission channel, the 
transmission speed between the terminal device 206 and the base station 204 is not very 
high, so that the up-direction information transmission channel shares the subfrequency 
band A with the reservation channel, and the down-direction information transmission 
channel shares the subfrequency band H with the response channel. The channels in 
the up direction and down direction both use spreading codes of chip rate Rl, and are 
distinguished by differences in the PN sequence. 

Additionally, since a high transmission speed is required between the terminal device 
207 and the base station 204, the up-direction information transmission channel uses the 
subfrequency band F and the down-direction information transmission channel uses the 
subfrequency band M. Therefore, a spreading code of chip rate R2 as shown in Fgi. 
2B is used in both the up direction and the down direction. Additionally, a 
subfrequency band M which is the same as the down direction information transmission 
channel is allotted to the response channel. 

Herebelow, examples shall be explained with reference to Fig. 3 A which shows a 
structure according to Example 1 and Fig. 3B which shows a structure according to 
Example 2. 

Examples 

<Example 1> 

The structure of base station 204 is shown in Fig. 4. The base station has a structure 
wherein a plurality of types of terminal devices including terminal devices 206, 207 can 
be housed. In Fig. 4, 503-509 denote band A receivers to band G receivers which 
respectively operate on the subfrequency bands A-Q 519a-519g denote reservation 
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packet demodulators connected to the receivers, 520a-520g similarly denote up 
direction information packet demodulators connected to the receivers, 510-516 denote 
band H transmitters to band N transmitters which respectively operate on subfrequency 
bands H-N, 521h-521n denote response packet modulators connected to the transmitters, 
522h-522n denote down direction information packet modulators similarly connected to 
the transmitters, 527 denotes a packet control device for reception processing 
reservation packets outputted from the demodulators 519 and up direction information 
packets outputted from the demodulators 520, and supplying response packets to the 
modulators 521 and supplying down direction information packets to the modulators 
522, 520 denotes an interface device connected to the packet control device network 
527, 501 denotes an antenna and 502 denotes a circulator for separating transmission 
signals and reception signals. The above-described plurality of receivers and 
demodulators form a receiving portion and the plurality of transmitters and modulators 
form a transmitting portion. 

The transmission signals from the terminal device 206 pass through the antenna 501 and 
circulator 502 and are inputted to the receiver group. Of these, the band A reception 
signals demodulated by the band A receiver 503 which has a demodulated carrier wave 
of frequency f A become signals from the terminal device 206. The band A reception 
signals are despread (hereafter referred to as "despreading demodulation") due to the 
spread spectrum codes in the reservation packet demodulator 519a and the information 
packet demodulator 520a, respectively become reservation packets and up direction 
information packets, and are supplied to the packet control device 527. 

Similarly, the transmission signals of the terminal device 207 are demodulated by 
demodulation carrier waves of frequency f F in the band F receiver 508, and the band F 
reception signals. The band F reception signals are despread modulated in the 
reservation packet demodulator 519f and the information packet demodulator 520f, 
respectively form reservation packet and up direction information packets, and are 
supplied to the packet control device 527. 

The reservation packets are sent arbitrarily from the terminal devices, so that in order to 
receive these, the base station 204 always operates the receivers and reservation packet 
demodulators. 

The packet control device 527 performs transmission timing schedules in accordance 
with the content of the received reservation packets, and generates response packets. 
Additionally, the received up direction information packets are sent to the mobile 
communication network 203 to become reception information. This reception 
information is provided to the network interface 530, then transmitted from the network 
interface 530 to the mobile communication network 203. 

On the other hand, the transmission information sent from the mobile communication 
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network 203 via the network interface 530 is inputted to the packet control device 527, 
scheduling is received to set the packet transmission timing (time slots), and these 
become down direction information packets. 

The response packet addressed to the terminal device 206 and the down direction 
information packet are spread by spreading codes (hereafter "spreading modulation") 
respectively in the response packet modulator 52 lh and the down direction information 
modulator 522h, both of which become band H transmission signals. The band H 
transmission signals are modulated by a modulation carrier wave of frequency f H in the 
band H transmitter 510, and transmitted from the antenna 501 through the circulator 
502. 

Similarly, the response packets and information packets addressed to the terminal device 
207 are respectively spread modulated by a response packet modulator 521m and a 
down direction information packet modulator 522m, both of which become band M 
transmission signals. The band M transmission signals are modulated by modulation 
carrier waves of frequency f M in the band M transmitter 515, and transmitted from the 
antenna 501. 

Fig. 5 shows the structures of the reservation packet demodulator 519a and the up 
direction information packet demodulator 520a used for the terminal device 206, the 
response packet modulator 52 lh and the down direction information packet modulator h. 
Including these, the modulators used for the terminal devices form the CDMA portion 
of the base station 204. 

In the reservation packet demodulator 519a, the reception of reservation packets is 
performed using the matched filter (601). 

The matched filters have delay elements connected in multiple stages, a plurality of 
coefficients provided for the first stage input taps and delay element output taps, such 
that the results of multiplication with the corresponding tap outputs are accumulated and 
their sums output. 

Accordingly, the delay times of the delay elements are made equal to the chip widths of 
the PN sequences, and further by making the matched filter coefficients binary PN 
sequences ("1" or "-1"), the matched filter outputs can be extracted as correlation values, 
i.e. despreading process results, to make high-speed synchronization possible. 

Since a plurality of terminal devices including the terminal device 206 transmit 
reservation packets randomly using a PN sequence exclusive to the reservation channel 
in the subfrequency band A, there are cases in which a temporal overlap occurs in the 
packets. By taking advantage of the above-described functions of the matched filter 
601, the packets which temporally overlap can be separated. A packet separation 
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circuit (602) is connected to the matched filter 601, and the reservation packets of the 
plurality of terminal devices are separated and extracted. 

On the other hand, with regard to the spreading codes used in the up direction 
information packets, a code having a larger number of codes per period then the 
spreading code was used for the reservation packets. Then, the information packet 
demodulator 520a is constructed of a matched filter 601, a PN generator (603) and a 
multiplier and summator (604) for each terminal device. In this structure, the matched 
filter 601 is used for initial synchronization capturing. 

The transmission timing (slot number) by which the plurality of terminal devices 
including the terminal device 206 transmit information packets is determined by 
scheduling control in the base station 204. Therefore, since the reception timing can 
be known in the base station 204, the information packet demodulator 520a operates 
with the packet reception timing for each terminal device. 

In the up direction information packet reception procedure, the band A reception signals 
are initial synchronization captured, after which PN sequences are generated in 
correspondence with the channels of the plurality of terminal devices from the PN 
generator 603, and despreading is performed by multiplying with the reception signals. 
Then, the despreading results of a single symbol region are integrated by the summator 
604, and supplied to the packet control device 527 as up direction information 
transmission packets. 

Next, the response packet modulator 52 lh comprises a PN generator 602 and a 
multiplier. The response packets transmitted from the base station 204 are spread 
modulated by a predetermined PN sequence from the PN generator 603, to become 
band H transmission signals. 

The down direction information packet modulator 522h comprises a PN generator 603 
and a multiplier for each terminal device. A down direction information packet 
transmitted from the base station 204 are spread modulated by exclusive PN sequences 
assigned to the respective channels generated by the PN generator 603, to become band 
H transmission signals. The spread modulation is performed in accordance with 
reference timing information supplied by the network interface 530. The band H 
transmission signal is supplied to the band H transmitter 510. 

While not shown, this reference timing information is spread to become a pilot signal, 
and is added to the band H transmission signal. The reference timing information 
included in the pilot signal designates a starting point of the PN sequence and time slot 
partitions in the terminal device. 

Fig. 6 shows the structure of a packet control device 527 of base station 204. The 
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received reservation packets have their contents, such as the destination address 
(identifier), transmitted packet number and destination address (identifier) by the 
reservation packet reading portion (701), and this information is sent to the scheduling 
device (706). The scheduling device 706 performs an up direction information 
transmission channel and time slot allotment process, then decides on a PN sequence 
type to apply to the up direction information packets as well as the up direction 
information packet transmission timing and down direction packet transmission timing. 
On the other hand, reservation channel control information is generated in the busy tone 
value calculating portion (702) in accordance with the information on the number of 
received reservation packets and information on the state of use of the up direction 
information transmission channel from the scheduling device. 

The response packet forming portion (707) prepares response packets by being 
respectively provided with up direction information packet transmission timing 
information and PN sequence types from the scheduling device 706, destination 
addresses from the reservation packet reading portion 701 and reservation channel 
control information from the busy tone calculating portion 702. The response packets 
are once stored in the response packet buffer (704), and are read out from the response 
packet buffer 704 in accordance with reference timings supplied from the network 
interface 530 and down direction packet transmission timing information from the 
scheduling device 706. The response packets which have been read out are sent to the 
relevant response packet modulator, and outputted from the transmitter of the relevant 
subfrequency band. 

Next, the received up direction information packets have their contents, including the 
destination address, link address and data, read by the transmission packet reading 
portion (703), and supplied to the network interface 530 as reception information. 

On the other hand, the transmission information addressed to the reception terminal has 
a destination address, link address and data added thereto by a network interface 530 
and stored once in a transmission buffer (709), after which down direction information 
packets are made by the transmission packet preparing portion (708). The down 
direction information packets are once stored in the transmission packet buffer (705), 
then sent to the down direction information packet modulator in accordance with 
reference timings supplied from the network interface 530 and down direction packet 
transmission timing information from the scheduling device 706, and outputted from a 
transmitter of the relevant subfrequency band. 

Next, the structure of the terminal device 206 shall be explained using Fig. 7. In Fig. 7, 
801 denotes an antenna, 802 denotes a circulator, 803 denotes a band H receiver which 
receives band H transmission signals from down direction channels for output to the 
band H reception signals, 804 denotes a band A transmitter for transmitting band A 
transmission signals to the up direction channels, 807 denotes a response control packet 
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demodulator connected to the band H receiver 803, 808 denotes an information packet 
demodulator also connected to the band H receiver 803, 809 denotes a reservation 
packet modulator connected to the band A transmitter 804, 810 denotes an information 
packet modulator also connected to the band A transmitter 804, 815 denotes a packet 
control device, 818 denotes a user interface device and 819 denotes an input-output 
device. The receiver 803 and demodulators 807 and 808 form a reception portion, and 
the transmitter 804 and modulators 809 and 810 form a transmission portion. 

The transmission signals from the base station 204 are supplied through the antenna 801 
and circulator 802 to the band H receiver 803, and demodulated by a demodulation 
carrier wave of frequency f H to form band H reception signals. Band H reception 
signals are despread demodulated in the response packet demodulator 807 and 
information packet demodulator 808, are respectively formed into response packets and 
down direction information packets, and supplied to the packet control device 815. 

The response packets and down direction information packets sent to the packet control 
device 815 are controlled for the timing with which packets are sent out. The 
reception information outputted from the packet control device 815 is supplied to the 
input-output device 819 via the user interface 818. 

On the other hand, reservation packets are generated based on transmission requests 
from the input-output device 819, and if the state of the reservation channel for 
management in the packet control device 815 is not congested, they are inputted in the 
reservation packet modulator 809 in real-time. The reservation packets are spread 
modulated in the modulator 809 to form the band A transmission signal. Additionally, 
the transmission information from the input-output device 819 is converted into 
information packets in the packet control device 815, then sent to the information 
packet modulator 810 in accordance with transmission timings (slot numbers) of which 
notification is given by the response packets. The information packets are spread 
modulated by the spreading codes of the information transmission channels of which 
notification is given by the response packets. 

The above-described band A transmission signals are modulated by modulation carrier 
waves of frequency f A in the band A transmitter 804, and transmitted through the 
circulator 802 from the antenna 801 . 

The structures of the response packet demodulator 807, the down direction information 
packet demodulator 808, the reservation packet modulator 809 and up direction 
information packet modulator 810 are shown in Fig. 8. These form the CDMA portion 
of the terminal device 206. 

The response packet demodulator 807 multiplies a spreading code from the PN 
generator (901) with the band H reception signal outputted by the band H receiver 803, 
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and despread demodulates the multiplication results by single symbol region integrating 
by means of the summator (902). As a result, the response packet is outputted. The 
spreading code is a PN sequence exclusive to the response channel. The demodulator 
808, in accordance with the reception timing (slot numbers) indicated by the packet 
control device 815, perform despreading demodulation by summation after 
multiplication by using the spreading codes of the assigned PN sequences. 

Among the down direction channels, there is a channel to transmit pilot signals as 
mentioned in the explanation of Fig. 5 in addition of the response channel and 
information channel. The pilot signals in the same channel are despread demodulated 
in the demodulator 808, then the output signals are supplied to the DLL (delay lock 
loop) circuit (903). The DLL circuit 903 generates reference timing information in the 
terminal device 206 to perform synchronous tracking of the PN generator 901, and 
controls the timings of the PN generator 901 for reservation packet modulation and the 
PN generator 901 for up direction information packet modulation. Additionally, this 
reference timing information is also supplied to the packet control device 815. 

The reservation packet modulator 809 and up direction information packet modulator 
810 multiply the reservation packets and up direction information packets sent from the 
packet control device 815 with the spreading codes of the PN sequences respectively 
exclusively assigned from the PN generator 901 to perform spread modulation. 

The structure of the packet control device 815 of the terminal device 206 is shown in 
Fig. 9. A response packet reading portion (1001) reads the contents of received 
response packets such as down direction information packet reception timing 
information (slot numbers), up direction information packet transmission timing 
information (slot numbers), busy tone information and PN sequence types. The PN 
sequence type information is sent to a down direction information packet demodulator 
808 and up direction information packet modulator 810. The down direction 
information packet reception timing information is sent to the down direction 
information packet demodulator 808. In the transmission packet reading portion 
(1002), the content of the received down direction information packets such as 
destination addresses, link addresses and data are read, of which the data are output as 
reception information. 

In the transmission buffer (1007), transmission information from the input-output 
device 819 via the user interface 818 is temporarily stored. In the reservation packet 
preparing portion (1005), information such as destination addresses (identifiers) or 
transmission packet numbers are entered in accordance with transmission requests from 
the transmission buffer 1007 to create reservation packets. These reservation packets 
are temporarily stored in the next reservation packet buffer (1003), and then outputted to 
the reservation packet modulator 809 in accordance with busy tone information and 
reference timings from the received response packets 811. 
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In the transmission packet preparing portion (1006), data from the transmission buffer 
1007, destination address information, link address information and destination address 
information from the received down direction information packet 812 are entered to 
form an up direction information packet. This up direction information packet is 
temporarily stored in the next transmission packet buffer (1004). In the transmission 
packet buffer (1004), the reference timing information from the demodulator 808 is 
summed to calculate the boundaries of each time slot, and further, slot numbers of 
which notification is given by the response packet reading portion 1001 are referenced 
to set the designated time slots. The transmission packet buffer 1004 supplies 
information packets to the modulator 810 at the timings of the time slots. 

While the structure of the terminal device 206 has been explained above, the structure 
of other terminal devices such as terminal device 207 is basically the same, and so their 
explanation shall be omitted. In each terminal device, the reservation channel and up 
direction information transmission channel are assigned to the same subfrequency band, 
and the response channel and down direction information transmission channel are 
assigned to the same subfrequency band, so that it is possible to have just one receiver 
and one transmitter, and the structure of the terminal device is simplified. 

<Example 2> 

The structure of the base station 204 is shown in Fig. 10. It differs from the structure 
shown in Fig. 4 in that only the information packet demodulators (1 1 18e-l 1 18g) are 
connected to the band E receiver (11 07) to the band G receiver (1 1 09). The 
reservation packets in all of the reservation packets pass through the band A receiver 
1103 to band D receiver 1106, and the reservation packet demodulators (1117a-1117d) 
for extraction. 

The reservation packets and up direction information packets transmitted by the 
terminal device 206 are respectively extracted from the reservation packet demodulator 
1 1 17a and the information packet demodulator 1 1 18a connected to the band A receiver 
1 103, and supplied to the packet control device 527. Additionally, the reservation 
packets transmitted by the terminal device 207 are extracted from the reservation packet 
demodulator 1117c connected to the band C receiver 1106 and supplied to the packet 
control device 527. On the other hand, the up direction information packets 
transmitted by the terminal device 207 are extracted from the information packet 
demodulator 1118f connected to the band F receiver 1108 and supplied to the packet 
control device 527. 

The response packets and down direction information packets for the terminal device 
206 are respectively spread modulated in the response packet modulator 1 1 19h and 
information packet modulator 1120h, then both transmitted through the band H 
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transmitter 510 to the antenna 1101. Additionally, in a similar manner, the response 
packets and information packets for the terminal 207 are respectively spread modulated 
in the response packet modulator 1119m and the down direction information packet 
modulator 1 120m, and transmitted through the band M transmitter 1 1 5 to the antenna 
1101. 

The structure of the terminal device 206 is the same as that shown in Fig. 7. On the 
other hand, the structure of the terminal device 207 partially differs from that of Fig. 7, 
and as shown in Fig. 11, the transmitter is divided into a band C transmitter 1204 and a 
band F transmitter 1205, a reservation packet modulator 1211 is connected to the band 
C transmitter 1204, and the information packet modulator 1212 is connected to the band 
F transmitter 1205. 

The response packets and down direction information packets from the base station 204 
are respectively extracted from the response packet demodulator 1 209 and the 
information packet demodulator 1210 connected to the band M receiver 1203, and sent 
to the packet control device 815. 

On the other hand, the reservation packets from the packet control device 815 are spread 
modulated by the reservation packet modulator 1211, then sent through the band C 
transmitter 1204 and transmitted over a channel formed in the subfrequency band C 
with a narrow bandwidth. The up direction information packet is spread modulated by 
the information packet modulator 1212, and transmitted through the band F transmitter 
1205 over a channel formed in the subfrequency band F with a wide bandwidth. 

In the base station 204, there is a need to continually monitor the reservation channel, so 
that it is effective to use a matched filter which passively takes the correlations in the 
reservation packet demodulator 1117 (see Fig. 10). At this time, a matched filter 
which operates at high speed is required if the reservation channel is a wide band, but in 
the present example, the reservation channels are all assigned to subfrequency bands 
with narrow bandwidths, so that it is possible to employ low speed operations to all of 
the matched filters used in the demodulator 1117. Additionally, in the base station 204, 
it is not necessary to monitor other channels with wide bandwidths, so as to enable the 
demodulator structure of the base station 204 to be simplified. 

In the terminal device 207, an independent transmitter 1207 is used for narrow-band 
reservation packet transmissions, but the transmitter can be narrow-band, so as to enable 
the structure of the terminal device 207 to be achieved without too many complications. 

In the above examples 1 and 2, the terminal device 206 and terminal device 207 assign 
respectively different subfrequency bands to the reservation channels and respectively 
different subfrequency bands to the response channels, but aside therefrom, it is possible 
to assign the same subfrequency band to the reservation channel and to assign the same 
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subfrequency band to the response channel. The separation of channels in the same 
subfrequency band can easily be achieved by using PN sequences of different patterns. 
Additionally, while there is a radio region between the base station and the terminal 
devices, the present invention can naturally also be applied to cases in which there is a 
wired region using cables. 

Effects of the Invention 

According to the present invention, information is transmitted on subfrequency bands 
respectively adapted to the transmission speed, and can be handled separately. 
Additionally, it is possible to simultaneously use a plurality of subfrequency bands, and 
to quickly adapt to the communication requests of the terminal devices. As a result, it 
is possible to efficiently transmit multimedia information with diverse transmission 
speeds, and to achieve the provision of a flexible communication service. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A network structure diagram and bi-directional communication model diagram 
for explaining a CDMA communication method and spread spectrum 
communication system according to the present invention. 

Fig. 2 A diagram showing a system band structure example and a spreading code 
example for explaining the CDMA communication method and spread 
spectrum communication system of the present invention. 

Fig. 3 A diagram showing a system band structure example for explaining the CDMA 
communication method and spread spectrum communication system of the 
present invention. 

Fig. 4 A structural diagram of a base station for explaining a first embodiment of the 
present invention. 

Fig. 5 A structural diagram for explaining a packet modulator and packet demodulator 
of the base station of Fig. 4. 

Fig. 6 A structural diagram for explaining a packet control device of the base station 
of Fig. 4. 

Fig. 7 A structural diagram for explaining a first embodiment of the present invention. 

Fig. 8 A structural diagram for explaining a packet modulator and packet demodulator 
of the terminal device of Fig. 7. 
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Fig. 9 A structural diagram for explaining a packet control device of the terminal 
device of Fig. 7. 

Fig. 10 A structural diagram of a base station for explaining a second embodiment of 
the present invention. 

Fig. 11 A structural diagram of a terminal device for explaining a second embodiment 
of the present invention. 

Fig. 12 A diagram for explaining a conventional CDMA communication method and 
spread spectrum communication system. 



Description of the Reference Numerals 

203 mobile communication network 

204, 205 base station 

206, 207 mobile terminal device 

304, 308 reservation channel 

305, 309 response channel 

306, 307, 3 10, 3 1 1 information transmission channel 
503-509, 803 receiver 

510-516,804 transmitter . 

519 reservation packet demodulator 

520, 808 information packet demodulator 

521 response packet modulator 

522, 810 information packet modulator 

527, 815 packet control device 

807 response packet demodulator 

809 reservation packet modulator 



